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:54) DISK ARRAY SYSTEM 

'57)Abstract: 

PROBLEM TO BE SOLVED: To attain the effective utilization of hot spare disk. 
SOLUTION: A disk having storage capacity more than disks from 1 10-1 to 110-5 is used for a 
hotr spare disk 110-6 in a disk array 11, the area of section having much storage capacity is set 
as a storage area 1 12 of controller firmware(F/W) for version-up for the version-up of F/W 
squired for operating duplexed array controllers 13-1 and 13-2 and when the hot spare disk 
110-6 is exchanged, the array controllers 13-1 and 13-2 load the controller F/W for version-up 
stored in the F/W storage area 112 of relevant disk 110-6 into their own controllers. During the 
oading of one controller, the other controller controls the access to disk array 11 corresponding 
to a request from a host device 12. 
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[oo4o] »^f^ui#«, (R^flMBam^^K^fto 

h^77>f^^5 10bi:$»t5o rix(cj: 0^ 
fE3g#ti\ h^^TT^^^^ 5 1 0 a^ft^WPWfe 

[0 0 4 1 ] ^T. HUlE^ 1 ©H16®ffi-Ctt, 
40 ^T7^^^(7)^^^j^^y^~-^ 3 >T yy*m<D^> Y 
*-J\sF/W<D&tom%L (F/W*SW««) iLTM 
LT. 7 W ^ > h p-7^=>> h P"^F/W^/<- 
^3 ^7 yzf&ft? Z t ^^tfe^-x^ ^^7K 

(7-f7,^K7^y) T'CO@)f^^J(^CO^^(7)FXW 

(t^^f/w) ^-i; 3 >77^l:f)jfflt5: 
so 7^F/W^«^of:t>-; h^-<T7^^^^$r 
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^71/^1 1 , hgll 2RX/7 =i> |>d-7 
1 3-1, 1 3-2lzm^i-Z>) f^^TMei, 
hgl62St/7^^yhP-76 3-l (#1) , 6 
3-2 (# 2) ^b*fiE$tt5 0 t^^^7W 5 1 tl 
IUl ^r^^TW 1 1 km&<D7 f 4X?ffif$.htj: 10 

610-1 (#1) -6 10-4 (#4) k s 1 1$(Ds<})'r 
J 1 ? 4*9 (74*2 Yv-i^f) 6 10-5 (#5) t , 
l-£<7>*2> h^^TT^*^ (^V** K^-f ^) 6 1 

[0 04 31 * s/ h ^^7r-f ^HIO -611 ^ 
f^f^^610-l-61 0-4M^!ir^r^^^ 6 1 
0-5<fc9*ti*lE«SS£^LT:fc*K -tOlE«««<0 
$7*+*? 6 10-1-6 1 0-4M^yr^ 
7^^6 10 -50l5«««f3:»iE£:'t-'5ffl««S«^x- 20 
^»«ft«4S6 1 lie. »U<D««35SF/W»iW«*6 1 
2lC, -tn^tLWDST^ttTV^S^T. Hit©*'; 

h^7r^^^ l 1 0-6^^faLXV^6o ffiU =f 4 
^^61 0-6OF/WMii|6 1 2 1CI1 7"— 5=74 
*? 6 1 0-1-6 1 0-4M^!)7>ff^^ 6 10-5 
<Ds<— is 3 >7 *//«©F/W (fV^^F/W) 
ittSJxr*5!9, :^T'T^^ 1 1 0-6£li**5 o 
Z.<D7 i 4*9 6 1 0-6OF/Wft#Mg«6 1 2(7)^6 
BlCll /<-^ 3 >r^fflF/W if7 4*9V /^N) 
&74*2 (7*4 *2 Y=74rf) 6 10-1—6 10-5 30 

40 Sixrt^*>5^*r^+»itt^T7?^6 1 3-1 
(Fl ) -6 1 3-5 (F5 ) *Sft(R£;h/0*$. 
[0044] 7Wnyha-76 3-l, 6 3-211 1^ 

^yhn^76 3-l, 6 3-2^^n^7^»jWS«c (H 

r^^rwi 1 <D7 9 J t*®m$:'tto <fc 5t4ot 

7M^> ho-7 6 3-1, 6 3-211 - '<9 7~ 4 
7 r —#<D±J$Lk* r^^niO-1-61 0-5^?^ 

m*m&.Ltz7* j #<n'&7t\zm^t>tiz>Qm 4 0 

WiaSfPlHlK (EX-OR) 6 3 0-1, 6 3 0-2^1 

[0 0 4 5] (II6C0^(C^o^^X^^^ 6 1 0 

-1 — 6 1 0-5C0F/W^/<-y3y77^Ii:o^ 

7^^610-1-61 0-5T^ffl-f"^>F/W (7 ^ * 
^F/W) CO/<—^3 >7^^Ml-4ofc^, 
(D/<-v?3 >7 «;^7^^ F/W^F/W|^» 
6 1 2 Lfc* :y h^^77^ ^niO -6^^l® 

U ^(O^y h^^77^n 1 0-6$:7^^7l/ so 



*r 6 1 f^co^^^>> h^7f>f^^ ir^-r^o m 

fg^r^Lfc <b<E>~C£>5 0 CI^TN *s/h^77-f^^ 
6 1 0-MZ&&-rZ>Wi<D* y Y*^T7 4 *2\~$, 7— 
h^^7fV^^^\ HU(Hl^ 
lft$ix^*y F^77>f^^ 6 1 0-6tmm<D*y h 

^77^n^6 0 

[0 04 6] $T\ m&<D*y F^77^^i5\ 

3 >7 y ^17 ^ ^ F / W* F /W»»g« 6 1 
2«£l&HLfc3fc;y h^7f^^ 6 1 0-6^£&£ix 
7ct>^i:^5o ^C7)i; 7K^>ho-76 3-i, 
6 3-2(7>9^>(7)^ijx^r U>f n> hp-7 6 3-1 (# 
1) & tf&mmtteoX) 7^^^7W 6 1 <072± 

[0 0 4 7] mmm<D) 7K^>ho-76 3-2 
(#2) il (SMMMO) T I/^^>ha-^6 3-1 
(#1) ^r^-fe^#J»S:^Io-CV^»^ "74*27 
\s4 6 1 <7J^^ h^^7f^ ^OJftie^JtflWlwX* h 
U7^/S 2 1) 0 ^ 1g&<D*y b 

/W»«ft««6 1 2fc*#JLfc«rfc**-/ M^77^f 

t-^o/t^b^^-t"^^. 7W3^hn-76 3-2li, 

f>>ys 22) 0 

[0048] 7K3yhD-76 3-2te* y h^^T 

*^7t : 4*9 , SP*>*s/ h7^7f>^^ 6 1 0-6ii 
F/Wtttt««6 1 2Srf Lti^tOi: Lt, t<DF 

/w»*as«i 1 2{c|&^$ttr^6^<-v ; 3 >r 3/^ 
m74 *t f /wzm^x, fV^^6io-i (#1) 

-6 10-5 (#5) co^*? F/W^jlli&^-^a V 

[0 0 4 9] 3=~f T U>T =3 > b u — y 6 3 -2il 7>f * 

* F/W^-^ 3 >7^y(0^f ^f5r^^^ 6 1 
0-n (x^*^#n) *mi&*tZ>m$k n£ 
#J&fiI r l j {zWtm-fZ U7-^S2 3) o 

[0 0 5 0] W:7Wn> hn-76 3-2fl * h 
^77^^ 6 1 0-6OF/WM®«6 1 2« 
fiIl:8§$tlTI/^7^^6 10-n ("T # 
n) ffl^M^T77^6 1 3-n^f xy^f6 (*7 

7^5 2 4) 0 ::tiin=it'$)5:<tH, f*— * 

7^^610-1 (74*2 # 1 ) ffl©M^T7 7^ 
6 13-1 (FI) ^^31 y^S 2 

4) 0 

[0 0 5 1 ] t> L x 7— 27 4*2 610-1 (x^^^ 

# 1 ) W^77 7^6 1 3-1 (FI ) tf* r5fej 

flg 3 ^7 ^ffl7 ^ ^ ^ F/W«»^7^ 

TF-fVtM) KfcSfcfcfi U7^S25) % TU^n 
> F d — 7 6 3-2li7-^7-Y^^ 6 10-1 (7^^^ 
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[0 0 5 2] :<0«iT*7 U-T ^ > 6 3-213, 

sfcy F^^Tr-f * ^ 6 1 0-6OF/WM®i6 1 2 

0- 1 (#1) (Dt** x?F/W&tomm ic 
n-f^^u^r-^f^nio-i (#1) 

£ Ufy/S 2 7) 0 

[0 0 5 3] (7K3>hn-76 3-2ia 

*9) r-^f^niO-l (#1) cDxV^F/W 

isy<—i? 3 vry^nr v^JHiB^tt, i^^-^x 

^^610-1 (#1) lifiEffl-C**t\ L^ot, 
r CO^ff[j{C^^ h|^i6 2^67K3>hn-763 
-H^LTtV^T U>f 6 1 — (DTf-t* {=f^^^ 

[0 0 5 4] ^iTy***? 6 10-1 (#1) (DF/Ws< 
#fiSUrittWi-5o RAID3i^7^^7W'> 

h^g6 2^0^— ^ h y —ai* 

(#1) —610-4 (#4) 

CMEI^n^c .::t'7^^ 6 i 0-1-6 i o-4 

1- ^»IfiB^ti5*^5 4yo :x^£dil-di4<bi- 

:/o y * dii— di4tf)f5j— 1> h{£g&<o#ft!i#j 

ttaftfesx-fca^y v-^cf— 9 pi la^y-r^-r^ * 

^6 10-5 (# 5) l^mtStlZo m^>dil~di4, 
pi (i. x-f 6 1 0-1—6 1 0-4, 6 1 0-50^*1, 

[00 5 5] 7^^610-1 (#1) <£>F/W/<— i? 
B^Tys*<PlL ig7^^6 10-l (#1) \%T? 

^:t', 7-<^^610-l (# 1 ) CDF 
/W/<— ^3 >T IC, M^x^*? 6 1 0-1 (# 

l) ^»**ti-cv^«x.li±8e7 f — ^ diicQU- K 

(x-*** y- K) 2^P>5*$tt^» 
-fr"C*>ixtf, 7K^>hP-76 3-llt 7-^7^ 
6 1 0-2 (#2) -610-4 (#4) ^CD2tJ£i"5 
7 — ^ d i2- d i4&tf'< yf^7^^^610-5 ( # 
5) *P<Dttfc-t-Z>7*-* ('<V7 L '<7 f —?) pi SrSfeTU 
icK^ffllt, Wf&Wg^SfPlHlK (EX-OR) 630 
-livlT^rixb^— * di2— di4, pi CD^— fcT ;/ 
«<0«M&tt»3fn££6 a ClcoSHi!i«j^3lfiJlHl?8 (EX 
-OR) 6 3 0-\\z£Z>7—? di2-di4, pi (Oftffi 
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dilt^— at^o Lfc^-oT. 7W^Vho-763 
-If*. #teto»J®fnle]& (EX-OR) 6 3 0-lcoai^ 
T*£>5^-^ di2-di4, pi^teW*Sftfe«Sr* 
* hK@6 2 y- Kt*— * 80t LT^ 

IS** hg^6 2(Ci££ c 

[0 0 5 6] ftld, 7^^6 10-1 (# 1 ) C9F/W 
^-v?s y7y^7^^7^ hifflco*. 1119 
S:#SLTRfltSo 7^^6 10-1 (#1) OF/ 
10 W/<-^ 3 y7 7 7 P ^lt ^7^^6 10-1 (# 

i ) \cnr^^^x^^\ "t^x\ 7^^610-1 
(#1) odf/wa-v?3>'7 5'^|:, 'Pte<£1>7* 
^^610-1 (#1) ^7-^l^^n-f 

I*. 7K=iyho-7 6 3-l|j:^J;^^r^^^7 

[0 0 5 7] £-f> bgiWG 2fr(b<D J r>( X? 7 4 

^^1^9 7^1^7-^9 0 ((D*b\)-J±) ^r- 
P*f4*9 6 10-1-6 1 0-4(^Ml$ix5 4yD 

5o 7W3>hn-76 3-llt 7^f F7 

— * 9 O^d y? dil-di4M#fij 

40 -f^o ^lT7K3>hD-76 3.1ll 
Sfc3SfPlHlK6 3 O-ll-T^n y $ d il— d i4<DPJ— fc* y 

-^pi r^y7>f7-^pi ^yr^r 

i2— di4^T"— ^x^f^^ 6 1 0-2—6 1 0-4(^ 3£?lJ 
(C##iitf. "ft*3, 7^fh7-^9 0«^Py^ 
30 dil©frd»bft6»&*cfa, ^fl^py^diiC^t 
-5^c7 -/^ d 12— d i4£r-7 f ^*7 ? -f 6 1 0-2—6 1 

o-47)^i^Lt, ^ dii— di4<7v<y 7-4? 

— *pi €r£fi£U ^Il^y7^7-^pi Sr^y^w 
7^ni 0-5(:iS#i£#>t3: <fcV\> 

[0 0 5 8] £ T, 7W^>FD-76 3-llt 
^^6 10-1 (# 1 ) (OF/W/^^a ^75/7* (^T" 
^S27) ri^T^5£, ^^^^^^6 10-1 (# 
1) CDv^—^CDm.'K.. Whv"^( * ? 6 10-1 (#1) <D 
F/Ws<—i/3>Tyy*fy<Dtztb\c'rjx? 6 1 0-1 
40 (#1) C^ltf^i^tp^^^t^^otr-^^ 
fajt^Vfo (^7 y7*S 2 8) o rOTV*^ 6 10-1 
(# 1 ) c0x-^^1S7t^, 6 10-2 

(#2) -6 10-4 (#4) i:^!)7^7^ni0 
-5 (#5) (D^f—^\^\^X. y*u y#$:)$mz.m— f 

il(-^-r^>7-^7^ 6 1 0-2 (# 2) —6 1 0 
-4 (#4) 07- y?&diZ~- di4. 1^ C < '< V 
7^7^^610-5 (#5) Of-^/n y ^ (x<;y 
so 7^7 — ^) $rpi ^-t - ^^, diHidi2— di4, pi 
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(EX-OR) 6 3 tZ>ZtX*mjz£ilZ 0 
[0 0 5 9] tV ^ y 6 

10-1 (#1) <D^-?m.jt W*>&&<om>* n(D 
^L^tV^^^t'—*^) frfET-fZb. fry h 
^^7f^^ 6 1 0-6OF/W&ife^JiJ$6 1 2 (Dffifc 
{Mte»*£jh/C^57*-<** 6 1 0-1 (tV;*^# 

i ) mv&ffi&TyyVe 1 3 -is (fi ) £ r^j # 

[00 6 0] W:7K=iy h n — 7 6 3-112, tV * 
^6 10-1 (#1) &m&i/*^J±\cM?t.&& i*"ry 
:/S30) , ^ LT7 U-f m> h o — 7 6 3-1(2, ::<£> 

<^7V*y-##£i-£#btf Ury/SSl) , tf-f 
>?n&+ 1 Lt, f^^^F/W^-ya ls7 yzf 

(Dftgttlrz&fzteT^ 6 1 o-n (::t'(if-^ 
f^^6 1 0-2) £if£U :olrf:^7^ni 
0-n, iPt)7-^7^^6 10-2 (#2) £*tillC. 
JifS^V^^ 6 1 0-l{^^i-§COi:[W]^^ N tV^F 
/W^y 3 >T y y^<Dfc£>(D±ie;*7 yZf§ 2 4 £A 

[0061] 7K3>Fo-76 3-lH 7 — ^7^ 
^^6 10-2 (#2) F/W^-y" 
3>77^7ta^ ^!)C07-^7^^^610 
-3 (# 3) , 6 1 0-4 (# 4) &Xfs<}) *T4T4*9 6 
10-4 (#5) ICOV^t), -hlSx-T 6 1 0-lM** 
"t^CO^ l^^, 7^^^F/W^^3>77/^ 
tztb(D±m*y- yy"S 2 4£Xfe<D$im&mnL. tV* 
^7K6 1?rlfi)ct5 (^<7F^77^^6 10 
-6J^<D) 7^^610-1 (#1) -610-5 (# 
5) ©F/W/<»^ 3 y77^Tt5o 

[0 0 6 2] 13 1 OI2^P^(Dm4^^^(c^6x 
^^7Wy^7^»/WD y ^IUT-£>3o 
rodllOtl, 7^f^^7Ki/77iN^\ (Ull^co 

7V*y"T w i i, hgii 2M7^3> h 
^ i 3-i, i 3-2(c^e^-r^) f^nw 1 0 

1, *^hSI102W7Wayho-7l03-l 
(#1) , 10 3-2 (#2) a>b«/$3ix5 0 tV** 

7wioi(i mi t^7^ ^nKi 1 1 rnmco 

•x^^^t^^^^oTib^, 4 ^f-^r^ ^y- (7 
-f^^ Ky 5 -* >0 1010-1 (#1) -1010-4 (# 
4) 1 £cD/<y 7y7^y (tV*^ Ky^ >0 
1010-5 (#5) b, 1 t?<0*y h^77^^ 
irr<<*2 K^-f y*) l 0 l 0-6<i:^bM$nti^ 

[0 0 6 3] ID 1 0CDv-^^^(C^ot>TI2, fry b 
TtV^* 1 0 1 0-6^Olg7D y M><b&y^L 



1 (^7 — ^tV*^ 1 0 1 0-1—1 0 1 0-4) (7)r 
— ?<Ds< y?7y y * 7^M (/^ y * 

7^7^f7) iOio^St^:i:m6J:9 
l:4ot^5, (&U /<>^7j//gli 0 l 0 07^- 

t $ $ mmmm) ^^m^^^i 

0 1 O-bCD^thtm-hte^X^^&mfcfrZ). s<y? 
77^110 10CI1 7^^^7W10 1 (*p(D 
7^7^^10 10-1-10 10-4) C07 — 

[0 0 6 4] $T^xixC0«^aa#*i, tV^T 

^ioi (^^7—^7^ ^y i o i o-i—i o i o 

-4) <D?—?<Ds<y?7 yzf&k 9 fctvlfrfrlili, tV 
^^7W1 01 <£>*y h^-<T7^^^C0H^^D > 
M-^^ttTl^^y h^7f^^^ 10 10-6 

^PPl 0 4T^-rj:y^, (^f£*y F^^TrV 
*y- 1 0 1 0-6dr[pl— 7* — l±7y $ $ <D) s<y?7y 
ymWl 0 1 0 k&&i-Z> o EP*>, *y F^77^ 
20 ^1010-6C^it, *T<E>H3£*n y Y\^y?7y 

ymmi o 1 o&mm-rz. 

[0065] ^ 7K^>Fo-7l03-l, 103 
-2<Do -h(Om?L\^7 Wny hp- 7 103-2 (#2) 
^7^^7W 10 1 c^T^ir^^J^^H]oT^6 , b 

[0066] 7Knyhn- 7 103-l (#1) (2. 
7l//f 3 yFn-7l03-2 (#2) ri^T* ir **0»£ 
^]otl^^ 7^^7W101 <E>*y h^^T 
7 ^ ^ ^ ^llr»li^ h p -/Htl ^ 0 rw 
30 ^y hp-7 1 0 3-imo/<hP-yK\ 

7*4** mm) &ft<nmw*mm£titizb*$&ffiLi-z> 
ftm^jx?mm^<Ds<y?7y7mmi 010 

[0 0 6 7] t5^7Kny hn-7 10 3-llt 7 

y*y-Tu>< 1 0 1 ^(7)7^^7^ ^y 1 o 1 0-1—1 
0 10 -4<7)te#97- y* Srf?-^ 1 0 5 f^t* <fc 0 ici^ttj 
U/<^7^iil 0 1 0i:»*t5^y^7y^ 

40 [0068] 7K3> Fn-7 1 0 3 -Hi, a±0/< 

^77/lil 0 10^*7 h^77^^^ 1 0 1 
0-6<b:Z£&U 7C<0'>X7^«?^^«5ci-S 0 
[0 0 6 9] J£JLht2, *38MS:R A I D 3«^(Ot*W^ 
^7M ->*7 A(cSIJfeL^S-&ICoVNTK^ Lfc^, 

RAID5»7^^7W^7M 
£\ RAlD3t»^7^^^7W^7AI:t 

50 -fy^TAm ^^<y7V7^f^^^f:f, 
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[0 0 7 0] 

[0071] *tz*mmz±tu*. ^*Tju<D&^ffi m 

T K^y^u- ^2Slfc£ix-cv^r <h£, * 

[0 0 7 2] £fc#^t^J:*U;£, f^nw^ 
.shy M^rf^^CWUc/D^y^M 20 

[0 0 7 3] £fc;*«Wl-J:*xtf* ha^Tr* * 
n£*y h ^^7r t^Ltf^ U-ftf)** 

[EliDtDffS^^iftPJ] 

[ii] 1 o^ii»itiu«5f >f ^ ^ r u>r 



[HJ3] f^ll^fllC&^T, 7K3yfs D -7l 3 
-lid hn — ^ F/WCD^— ^3 >7s/^7U 

1 3-2lc<fc3x^;*^T^1r*£ri>MfT 

v>3 >7^»W^f:^7o-f^- h e 

[i5] **^^2o|tifi?Kll8irffiS7 f w^^ru-< 

[IH6] ^^3^M«i^,r^nW 

[0 7] 0 6CD«^£tCibMtSx>f F/W^<-^3 
>7^»^t^/:*07P-ft- ho 
[0 8] I3 6C0f||^{^iott^X>^^ 6 1 0-1 (#1) 

[HI9] BieofllfiEi^tt-s-r-r 6 1 0-1 (# 1 ) 
[Hi 0] **wolll4io**»»c««^-f ^^r u 

[Hill] »7^^7W(Dft»7^^ 
[^(^Ift^] 

II, 51, 61, 101-7-f^^7W, 
1 2, 5 2, 6 2, 1 0 2-*7hSB, 

1 3-1, 1 3-2, 5 3-1, 5 3-2, 6 3-1, 6 3-2, 1 
03-1, 1 0 3-2-7W=i>hp-7, 
1 1 0-1—1 1 0-4, 6 1 0-l~6 1 0-4, 1 0 1 0-1 
-10lO-4-7-^7>f^^ (ill (D^f-i*?) , 
110-5, 6 10>5, 10 10-5-^!)7^7>(^^ 

1 C0^> #t^l07^^^) , 

110, 110-6, 510a, 510b, 610-6, 1 
0 10-6-vt7h^77^^ (82(^7^^) % 

III, 511, 611 ■• -f— $\ 
112, 6 1 2-F/W»*lfl|«, 
5 1 2"«9IR«»MM, 

1 0 1 o-A^r^ya 
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